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RESEARCH, DIAGNOSIS,AND TREATMENT FOR
TRAUMATIC BRAIN INJURY/CONCUSSION IN
SERVICEMEMBERS

WEDNESDAY, DECEMBER 13, 2017

U.S. SENATE,
SUBCOMMITTEE ON PERSONNEL,
COMMITTEE ON ARMED SERVICES,
Washington, DC.

The committee met, pursuant to notice, at 10:09 a.m. in Room
SR—222, Russell Senate Office Building, Senator Thom Tillis (chair-
man of the subcommittee) presiding.

Committee members present: Senators Tillis, McCaskill, Gilli-
brand, and Warren.

OPENING STATEMENT OF SENATOR THOM TILLIS

Senator TILLIS. We will bring the committee to order.

The witnesses on the first panel, please be seated.

Before I make an opening statement, I have to tell you that I am
in my fifth day of what they call monocular vision. That is where
my optometrist finally convinced me that I should try putting a
contact lens in one eye, and then get my other eye to adjust to a
distance. But right now, there is a fight between which eye is win-
ning, so I had to get my staff to print the text a little bit larger,
so I could make sure that I could go through the statement. But
if you see me walking around in circles, you will know why.

[Laughter.]

Senator TiLLIS. But thanks, everyone, for being here. I especially
fvant to welcome some folks who will be speaking from North Caro-
ina.

Before we get started, the Personnel Subcommittee of the Senate
Armed Services Committee meets this morning to receive testi-
mony from government and civilian witnesses on traumatic brain
injury, or TBI. TBI occurs along a continuum, ranging from mild
TBI (MTBI) or a concussion to severe and penetrating brain injury.
While treatment for TBI varies with the severity of the injury,
management of mild TBI includes treatment of symptoms such as
headaches, memory problems, dizziness, and poor concentration,
followed by slow return to normal activity.

From 2000 through the first half of 2017, the Department of De-
fense (DOD) diagnosed over 370,000 servicemembers with TBI. Of
that total number of diagnoses, over 305,000 were mild TBIs.

We know, however, that mild TBI is not a unique problem within
the Department of Defense. It is a national problem. Last year,
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there were about 2.5 million emergency room visits related to con-
cussions in the United States, and medical experts believe there
were many more concussed individuals who did not seek medical
care.

As a Nation, we must pursue multiple approaches to understand
better the chronic effects of mild TBI, including the long-term
neurodegenerative problems associated with multiple concussive in-
juries.

Today, we are fortunate to have a very distinguished group of
witnesses joining us to discuss the diagnosis and treatment of mild
TBI and to learn more about ongoing research on the effects of con-
cussion on the brain.

On our first witness panel, we have Dr. David Dodick, professor
of neurology, sports neurology, and concussion program director at
Mayo Clinic; Steve Devick, CEO of King-Devick Technologies; and
Dr. Chris Miles, medical director of athletics and associate director
of sports medicine fellowship, Wake Forest University School of
Medicine.

Dr. Miles, I already warned you that I want to welcome you be-
cause I have great regard for the academic programs at Wake. I
have no regard whatsoever for your football program.

[Laughter.]

Senator TILLIS. With that stipulated, welcome to the committee.

Ranking Member Gillibrand?

STATEMENT OF SENATOR KIRSTEN GILLIBRAND

Senator GILLIBRAND. Thank you so much, Mr. Chairman, for
holding this hearing and for really shining a spotlight on some-
thing that is so important to both of us and to the entire military.

I join you in welcoming our witnesses today to discuss traumatic
brain injury and the associated medical conditions. I am pleased
that we have a variety of witnesses from different expertise inside
and outside the government to discuss the current status of public
and private advancements in diagnosis and treatment of TBIL.

This is a very important topic not only for the military but for
society at large. Every parent of a high school athlete worries about
his or her son or daughter suffering a concussion, another word for
mild TBI, and the long-term potential consequences of this injury.
What we learn while studying TBI in the military may also apply
to the treatment of their concussive injuries.

Certainly, we owe state-of-the-art care to our servicemembers
who incur a traumatic brain injury as a result of their military du-
ties. That is what this hearing is all about.

But it is more than that. Accurately diagnosing TBI is com-
plicated by symptoms that overlap with post-traumatic stress dis-
order (PTSD), such as difficulty in concentrating, irritability or
angry outbursts, and memory loss.

TBI and PTSD are commonly referred to as the signature
wounds of war in our recent conflicts. Indeed, these are wounds of
war, but there are other related wounds that also deserve more at-
tention. We know that anxiety disorders, acute stress, sleep dis-
orders, depression, substance use disorders, chronic pain, and other
health conditions are also consequences of military service.
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Reports indicate that there have been more than 370,000
servicemembers diagnosed with TBI from 2000 to 2017. At the
same time, the Centers for Disease Control estimate that there are
2.8 million TBI-related emergency department visits, hospitaliza-
tions, and deaths a year.

The damage is not limited to the traumatic brain injury itself.
Based on VA [Veterans Affairs] data, we know that veterans with
a history of TBI are at higher risk for suicide, and other data
shows an increase in diagnosis of dementia and Alzheimer’s disease
and chronic traumatic encephalopathy, commonly referred to as
CTE, for those who have suffered a concussion and traumatic brain
injury.

I am very concerned that servicemembers suffering from TBI,
PTSD, and other service-connected conditions are too frequently
disciplined and discharged with a bad-paper discharge for actions
that are manifestations of these injuries. Servicemembers suffering
from moderate or severe TBI can incur a lifetime of physical, cog-
nitive, emotional and behavioral challenges. These challenges can
manifest as drug- and alcohol-related misconduct, aggressive ac-
tions, charges, assaults, AWOLs [absent without leave], and fail-
ures to follow orders.

These bad-paper discharges are too often a consequence of suf-
fering from military-induced conditions and result in veterans not
being eligible for care for these conditions from the VA.

Military leaders must do a better job in taking these medical con-
ditions into account when servicemembers are merely exhibiting
the symptoms of their service-related injuries.

Mr. Chairman, thank you for the hearing.

Senator TILLIS. Thank you, Senator Gillibrand.

Gentlemen, each of you, we will just start from my left and go
across, and you can spend up to maybe about 5 minutes on opening
comments.

STATEMENT OF DAVID W. DODICK, M.D., SPORTS NEUROLOGY
AND CONCUSSION PROGRAM DIRECTOR, MAYO CLINIC

Dr. Dobick. Mr. Chairman, Ranking Member, and distinguished
members of the panel, it is, indeed, a privilege and honor to have
this opportunity to appear before you today and provide testimony
for this hearing on brain injuries in military servicemembers.

As was said, I am a professor of neurology and founder and direc-
tor of the concussion program at the Mayo Clinic in Phoenix, Ari-
zona. I have been involved in the evaluation and management of
patients with concussion for over 21 years, and I currently oversee
the clinical and research concussion programs at Mayo Clinic, sev-
eral of which are funded by the Department of Defense and the Na-
tional Institutes of Health.

I am the chair of the American Academy of Neurology’s Concus-
sion Committee, and I co-direct their annual Sports Concussion
Conference. I am also the president-elect to International Concus-
sion Society and co-founder of Concussion.org.

We will start with, what is a concussion? A concussion is often
referred to as a head injury, but it is not synonymous with a head
injury. It is, instead, an injury to the brain itself. This injury in-
volves individual cells in the brain and the wiring that connects
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them. There is both a primary and a secondary injury to the brain
that results in dysfunction, disruption, and likely even death of liv-
ing cells and their living connections.

The primary injury occurs from the direct impact of the blunt
force or the rapid movement of the brain within the skull. But the
secondary brain injury occurs because of an inflammatory response
that occurs and the inability of stunned and sick cells to generate
the energy required for their repair.

These primary and secondary injuries result in a breakdown of
the normal electrical and chemical communication between cells,
and it is this disruption of this extensive and interconnected com-
munication grid that affects many sites in the brain and leads to
the varied symptoms, several of which you already highlighted
today, including physical, cognitive, emotional, and behavioral
symptoms, that have an enormous impact on the individual, a very
devastating one, and that actually affects the ability to function in
daily life at work, at home, or in school.

So why is concussion a military and a public health priority? I
think concussion by any measure is a health priority. It is very
common, obviously. It can lead to permanent symptoms in some,
and progressive neurological disease in others. Yet, as was alluded
to, it remains significantly underdiagnosed.

For U.S. forces deployed in Afghanistan and Iraq in Operation
Enduring Freedom, Operation Iraqi Freedom, and Operation New
Dawn, blast exposure was the leading cause of concussion. Blast in-
jury results in the rapid transmission of an acoustic wave through
the brain tissue.

Over the last 16 years, an estimated 320,000 U.S. troops, about
1 in 5, returning from active theater has sustained a concussion.
Among those, almost half experienced symptoms consistent with
post-traumatic stress or post-concussion syndrome.

Therefore, not surprisingly, there is a heavy personal, family,
and financial cost of these injuries to our men and women in uni-
form. The cost of care alone has increased from $21 million in 2003
to over $650 million in 2010, and the median health care costs for
veterans with traumatic brain injury is four times higher than
those for veterans who do not experience traumatic brain injury.

Among civilians, nearly 4 million concussions occur every year.
Among these, sport-related concussion has obviously received the
most media and public attention. While there are several reasons
for this, chief among them, I think, is the devastating, long-term
neurological consequences that have been demonstrated in amateur
and professional athletes who participate in contact sports. This
should be of particular concern to all of us because there are over
46 million children and adolescents in the United States who par-
ticipate in sport, and they, in particular, are uniquely vulnerable
to the complications of concussion because of the effects of brain in-
jury on a developing brain that hasn’t fully matured.

Another vulnerable population that is often not talked about is
women. Approximately 20 million women experience a domestic vi-
olence-related traumatic brain injury in this country every year. A
recent study by the New York State Office for the Prevention of
Domestic Violence revealed that 92 percent of the women in domes-
tic violence shelters were hit in the head by their partners more
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than once, and almost 1 in 10 were hit more than 20 times in the
past year.

Concussion is underrecognized, as I said. While the reported
number of concussions in this country is staggering, the actual
number is much higher. It is estimated that only 1 in 6 concus-
sions, especially in sport-related concussions, are recognized and di-
agnosed. This is due to a lot of different reasons, which I will get
to.

One major reason for the lack of recognition of a concussive brain
injury is the lack of symptoms. Just as brain injury from silent
strokes and other silent lesions can occur in the brain, so too can
silent concussions occur. These so-called subconcussive hits have
been demonstrated to be far more frequent than actual concussions
themselves, especially in contact sport athletes. These subconcus-
sive injuries are especially important because the cumulative effect
of subconcussive impacts results in a loss of the brain’s normal ar-
chitecture, and neurological and psychiatric consequences later in
life.

Much of the research on subconcussive hits has been performed
in athletes involved in contact sports. If you look at many of these
studies, some of which I have outlined in the testimony, you will
see that even in individuals who have not experienced a concus-
sion, there is a loss of normal brain function in those individuals,
both at a youth level as well as at a collegiate and a professional
level.

These and other similar studies indicate that concussion is really
the tip of the iceberg while subconcussive hits represent a larger,
hidden danger that results in injury to the brain and lingering ef-
fects that are not being detected by current concussion assessment
techniques.

While the majority of individuals, as was said, experience symp-
tom resolution from a single concussion within a week or two, post-
concussion syndrome or the persistence of symptoms beyond 4
weeks occurs in about 10 percent to 20 percent of individuals after
a single concussion.

In children and adolescents, the percentage who experience per-
sistent symptoms beyond 1 month has been shown to be at least
30 percent. Individuals who experience persistent symptoms may
become functionally impaired or, indeed, permanently disabled.

In addition to post-concussion syndrome, repeated concussions
and subconcussive hits can lead to permanent cognitive and psy-
chiatric impairment, a syndrome known as traumatic
encephalopathy syndrome (TES). In individuals with traumatic
encephalopathy syndrome, symptoms persist for longer than 2
years and progress over time.

The symptoms and signs of TES, or traumatic encephalopathy
syndrome, are similar to those seen in chronic traumatic
encephalopathy, or CTE. As many of us know, CTE is a progressive
degenerative brain disease that has been demonstrated to occur in
individuals with a history of exposure to repeated head injuries.

Unfortunately, and this is something maybe we will get into, at
this time, we do not yet know how to identify people who are at-
risk of developing CTE, nor do we yet have a reliable method to
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diagnose the disease before death or to intervene with treatment
that prevents or disrupts the progression of the disease.

I will end with the challenge that we as clinicians taking care of
these patients face. The diagnosis, I think, of concussion is chal-
lenging even for experts. The reasons for this are several.

First of all, many of the symptoms are subjective. They have to
be reported by the athlete or the individual, and many times, they
are not.

Or the symptoms, as I said, may be absent. They may have had
a subconcussive hit or a silent concussion or brain injury. A lot of
times, the visible signs may not be present. Even for those of us
who have been examining patients for over 20 years, the signs can
be so subtle that they are not picked up in the routine bedside neu-
rological examination.

Finally, the detection of concussion often requires objective and
quantitative tests that are not part of the routine neurological ex-
amination.

Even when the diagnosis of concussion is made, the challenge of
managing the patient is difficult because there are no pharma-
cological agents, not a single one, that has been shown to be effec-
tive in improving symptoms or interrupting that secondary injury
cascade that occurs that I alluded to earlier.

Another challenge for the clinician is knowing when the brain in-
jury has stabilized. It has been well-demonstrated now that the
brain injury continues and is not fully recovered long after the
symptoms have resolved. So we are lulled into a sense of compla-
cency, thinking that the examination is normal, the symptoms have
resolved, and so that individual is ready to return to duty or ready
to return to play, and that simply is not the case in many individ-
uals.

It is during this window of time where the brain is uniquely vul-
nerable to repeat injury that may result in symptoms that persist
or, more seriously, may result in permanent injury.

Determining if and when this window of vulnerability is closed
is very challenging without expensive brain imaging that is not
widely available, not feasible on a large-scale basis, and still not
validated as a reliable clinical tool that can be used on an indi-
vidual basis.

So what is needed? Given the challenges in diagnosis, treatment,
and the ability to provide patients with a prognosis, I think there
is an urgent need for objective, widely available, and cost-effective
tests that do the following: rapidly and accurately identify when a
concussion has occurred, allowing for the removal of that individual
from the activities that place them at further risk; indicate when
it is safe for an individual to return to their previous activities, and
this will avoid exposing an individual to a repeat and potentially
devastating injury; predict who is most vulnerable to repeated con-
cussions; and predict who is at-risk of long-term symptoms and
chronic neurological impairment from repeated concussions and
subconcussive impacts.

We also need tests that accurately diagnose traumatic
encephalopathy syndrome and chronic traumatic encephalopathy so
that treatments, when developed, and I am optimistic they are
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coming, can prevent the progression or at least ameliorate the
symptoms of these diseases.

There is also, in addition to the diagnostic tests that are nec-
essary, there is a serious need for treatments, treatments that can
prevent these second injury cascades that are set in motion with
that primary impact to the brain, because I think it is these second
injury cascades that can persist for days, weeks, or longer that re-
sult in the progressive brain damage that occurs and likely results
in the persistence of symptoms that these individuals experience.

I also think there is a need for treatments that facilitate the
brain’s ability to repair, adapt, and compensate for previous injury;
to prevent the development of chronic neurodegenerative diseases;
and to interfere with the progression of those diseases when they
have already begun.

Until this occurs, I think we need to implement validated exam-
ination techniques that are sensitive for the detection of concussion
immediately.

I am confident of the dedication and commitment of the scientists
and clinicians involved in this field, several of whom are in this
room. I am optimistic that the scientific and treatment advances
will be realized for the benefit of millions of men, women, and chil-
dren affected by concussion.

Mr. Chairman, Ranking Member, and distinguished members of
the committee, thank you again for this opportunity and for your
precious time and attention.

[The prepared statement of Dr. Dodick follows:]

PREPARED STATEMENT BY DAvVID W. DoDICK, M.D.
INTRODUCTION

Mr. Chairman, Ranking Member Gillibrand, and distinguished Members of the
Committee, it is indeed a privilege and honor to have this opportunity to appear
before you today and provide a testimony for this hearing on brain injuries in mili-
tary servicemembers. I am a Professor of Neurology and the Founder and Director
of the Concussion Program at the Mayo Clinic in Phoenix Arizona. I have been in-
volved in the evaluation and management of patients with concussion for over 21
years, and I currently oversee the clinical and research concussion programs at
Mayo Clinic. I am the co-director of the neuroimaging laboratory that is conducting
brain imaging research in patients with concussion. This research is funded by the
Department of Defense and National Institutes of Health. I helped develop a labora-
tory at Mayo Clinic that investigates the underlying pathological mechanisms in-
volved after a concussive brain injury and collaborate closely with our basic research
scientists in attempting to identify new targets for treatment that could ameliorate
some of the consequences of concussive brain injuries. I am the Chair of the Amer-
ican Academy of Neurology’s Concussion Committee, Director of the Concussion edu-
cational courses at the American Academy of Neurology’s Annual Meeting, and Co-
director of the Annual Sports Concussion Conference of the American Academy of
Neurology. I am the President-elect of the International Concussion Society and Co-
founder of Concussion.org.

WHAT IS A CONCUSSION?

e A concussion, often referred to as a head injury, is instead an injury to the
brain itself. The injury involves individual cells and the wiring that connects
them.

e There is both a primary and a secondary injury. The primary injury occurs from
the direct impact of the blunt force or the rapid movement of the brain within
the skull. The second injury occurs because of an inflammation response and
the inability of stunned and sick cells to generate the energy required to repair.
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e The primary and secondary injuries result in a breakdown in the normal elec-
trical and chemical communication between cells. The disruption of this exten-
sive and interconnected communication grid affects many sites in the brain and
leads to the many symptoms that patients report.

e The symptoms of concussive brain injuries are physical, cognitive and emo-
tional,

o Physical symptoms include severe headache, nausea, vomiting, visual impair-
ment, extreme sensitivity to light and sound, dizziness, vertigo, loss of coordi-
nation and balance, and in some cases, seizures.

o Cognitive symptoms include amnesia, confusion, and decreased ability to con-
centrate, plan, reason, remember, problem solve, communicate, and make de-
cisions.

o The emotional symptoms of depression, agitation, impulsivity, aggression and
violence, and rapid mood swings are often very distressing to patients and
those around them.

o Add to this a disruption in sleep-wake patterns, and the result is a pervasive
and devastating impact on an individual and her/his ability to function in
daily life at work, home or school.

WHY IS CONCUSSION A MILITARY AND PUBLIC HEALTH PRIORITY?

Concussion is by any measure a public and military health priority.

Most importantly, concussion is very common and yet significantly underrecog-
nized, and can lead to permanent symptoms in some and progressive neurological
disease in others.

Concussion is common

e For US forces deployed to Afghanistan and Iraq in Operation Enduring Free-
dom (OEF), Operation Iraqi Freedom (OF), and Operation New Dawn (ONI)),
blast exposure is the leading cause of concussion. Blast injury is the result of
the rapid transmission of an acoustic wave through the brain tissue. Over the
last 16 years, an estimated 320,000 US troops (1 in 5) returning from active
theater has sustained a concussion, and among those, almost half experience
symptoms consistent with post-traumatic stress disorder (PTSD) or post-concus-
sion syndrome.

o Therefore, not surprisingly, there is a heavy personal, family, and financial cost
of these injuries to our men and women in uniform. The cost of care alone has
increased from $21 million in 2003 to $646 million in 2010 and the median
healthcare cost for veterans with traumatic brain injury is 4 times higher than
those for veterans without traumatic brain injury.

e Among civilians, nearly 4 million concussions occur every year. Among these,
sport-related concussion has received the most media and public attention.
While there are several reasons for this, chief among them is the devastating
long-term neurological consequences that have been demonstrated in amateur
and professional athletes who participate in contact sport. This is of particular
concern since there are over 46 million children and adolescents in the United
States who participate in sport, and they are uniquely vulnerable to complica-
tions from concussion because of the effects on a developing brain.

e Another vulnerable population is women.

o Approximately 20 million women experience a domestic violence-related trau-
matic brain injury each year.

o A study conducted by the New York State Office for the Prevention of Domes-
tic Violence (OPDV) revealed that 92 percent of the women in domestic vio-
lence shelters were hit in the head by their partners more than once, and 8
percent were hit in the head more than 20 times in the past year.

Concussion is under recognized

While the reported number of recognized concussions that occur each year is strik-
ing, the actual number is much higher.
e It is estimated that only 1 in 6 concussions, especially in sport-related concus-
sions, are recognized and diagnosed. This is due in part to underreporting:

o In a study of varsity athletes from the University of Pennsylvania, one-third
of athletes who play a contact sport have hidden a concussion to stay in the
game, and over 50 percent said they would be extremely unlikely or unlikely
to report a concussion in a game situation.
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o Among high school athletes, 70 percent report playing with concussion symp-
toms and 70 percent did not think that the injury was serious enough to re-
port.

Another major reason for the lack of recognition of a concussive brain injury is
the lack of symptoms. Just as brain injury from silent strokes and silent lesions of
multiple sclerosis can occur, so too can silent concussions occur. These so-called
*“subconcussive” hits, have been demonstrated to be far more frequent than actual
concussions, especially in contact sport athletes.

o Offensive lineman in football can experience over 1000 subconcussive hits to
the head in a single collegiate season.

o The average child or adolescent playing youth ice hockey or football sustains
over 200 hits to the head in a season.

These subconcussive injuries are especially important because the cumulative ef-
fect of subconcussive impacts results in a loss of the brain’s normal architecture and
neurological and psychiatric consequences later in life. Much of the research on sub-
concussive hits has been performed in athletes involved in contact sport.

o For example, in a study of collegiate football athletes, there was a significant
correlation between years of football played, the size of the brain’s hippo-
campus (a vital brain structure involved in cognitive and emotional function),
and cognitive performance. This association occurred in athletes with and
without a prior diagnosis of concussion. (Figure 1).

Figure 1:
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e Similar results have been shown in youth athletes. In one study of male high
school football athletes (ages 15-19) evaluated mid-season, those without a his-
tory of concussion showed alterations in working memory that correlated with
abnormal changes on their functional brain MRI scans. (Figure 2).
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Figure 2:

Functional Brain Imaging Changes in
15-19 year old Football Players Without Concussion

Pre-Season In-Season

Talavage T.M., et al. ) Neurotrauma 2010

The effects of subconcussive brain injury has also been demonstrated in athletes
participating in other contact sports. Changes in the integrity of the brain’s wiring
(white matter tracks) has been demonstrated in professional soccer players who did
not report concussion (Figure 3), while small brain hemorrhages (bleeding) has been
shown to occur in concussed and non-concussed hockey players (Figure 4).

Figure 3:

White Matter Integrity in Brains of Pro Soccer Players Without
Symptomatic Concussion

Radial diffusivity Axial diffusivity

Koerte IK, etal. JAMA 2012:308:1850-1861
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Figure 4:

Very Small (<Smm) Cerebral Microhemorrhages in Athletes With and
Without Symptomatic Concussion

KG, etal. J N g 2014; 120:864-872.

These and other similar studies indicate that concussion is the tip of the iceberg
while subconcussive hits represent a large hidden danger that results in injury to
the brain and lingering effects that are not being detected by current concussion as-
sessment techniques.

Concussion can result in persistent/permanent/progressive brain injury and
neuropsychiatric impairment

While the majority of individuals experience symptom resolution from a single
concussion within several weeks, postconcussion syndrome (PCS), or the persistence
of symptoms beyond 4 weeks, occurs in 10-20 percent of individuals after concus-
sion. In children and adolescents, the percentage who experience persistent symp-
toms beyond 1 month has been shown to be at least 30 percent. Individuals who
experience persistent symptoms may become functionally impaired or permanently
disabled.

In addition to PCS, repeated concussions or subconcussive hits can lead to perma-
nent cognitive and psychiatric impairment—a syndrome known as

Traumatic encephalopathy syndrome (TES). In individuals with TES, symptoms
persist for longer than 2 years and progress over time. The symptoms and signs of
TES are similar to those seen in chronic traumatic encephalopathy (CTE). CTE is
a progressive degenerative brain disease that has been demonstrated to occur in in-
dividuals with a history of exposure to repeated head injuries. You will hear much
more about this devastating disease from my esteemed colleague, Professor Robert
Stern.

THE CHALLENGE FOR THE CLINICIAN

The diagnosis of concussion is challenging, even for experts. The reasons for this
are several:

Symptoms are subjective and may not be reported

Symptoms may be absent (subconcussive brain injury)

Visible signs may not be present

Detection of concussion often requires objective and quantitative tests that are
not part of the routine neurological examination

Even when the diagnosis of concussion is made, the challenge of managing the
patient is difficult because there are no pharmacological agents that have been
shown to be effective in improving symptoms or interrupting the secondary injury
that occurs in the brain.
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Another challenge for clinicians is knowing when the brain injury has stabilized.
There is a period of instability in the brain that may last weeks or months beyond
the time point when symptoms resolve.

During this window of time, the brain is vulnerable to a repeat injury that may
result in symptoms that persist, are more serious, or may become permanent. Deter-
mining if and when this window of vulnerability has closed is very challenging with-
out expensive brain imaging that is not widely available, not feasible on a large-
scale basis, and still not validated as a reliable clinical tool that can be used on an
individual basis.

WHAT IS NEEDED?

Given the challenges in diagnosis, treatment, and ability to provide patients with
a prognosis, there is an urgent need for objective, widely available, and cost-effective
diagnostic tests that:

e Rapidly and accurately identifies when a concussion has occurred allowing for
the removal of the individual from activities that place them at risk of a repeat
and more devastating injury.

o Indicate when it is safe to return the individual to their previous activities. This
will avoid exposing an individual to a repeat and potentially more devastating
injury.

e Predict who is most vulnerable to repeat concussion(s).

e Predict who is at risk of long-term symptoms and chronic neurological impair-
ment from repeat concussions and subconcussive impacts. This will facilitate the
ability of health care providers and patients to make informed decisions about
the risks associated with activities that increase their exposure.

e Accurately diagnose traumatic encephalopathy syndrome and chronic traumatic
encephalopathy, so that treatments, when developed, can prevent the progres-
sion or ameliorate the symptoms of these diseases.

There is also a serious need for treatments that can:

e Prevent the secondary injury cascades that are set in motion in the brain after
the primary injury from the initial impact. These changes can persist for hours,
days, and potentially longer after the initial impact. The ability to disrupt these
damaging cascades must be a focus of future research since they lead to further
damage that increase the risk of persistent symptoms and progressive brain de-
generation.

e Facilitate the brain’s ability to repair, adapt, and compensate for previous in-
jury.

e Prevent the development of chronic neurodegenerative diseases in those at risk

e Interfere with the progression in those in whom these diseases have already
begun.

Until this occurs, diagnostic tools that have been validated and examination tech-
niques that are sensitive for the detection of concussion should be implemented im-
mediately.

I am confident in the dedication and commitment of the scientists and clinicians
involved in this field and optimistic that scientific and treatment advances will be
realized for the benefit of millions of men, women and children affected by concus-
sion.

Mr. Chairman, Ranking Member Reed, and distinguished Members of the Com-
mittee, thank you again for this opportunity and for precious time and attention.
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Senator TILLIS. Thank you.
Dr. Devick?

STATEMENT OF STEVEN D. DEVICK, M.D., CHIEF EXECUTIVE
OFFICER KING-DEVICK TECHNOLOGIES, INC.

Dr. DEvVICK. Mr. Chairman, Ranking Member Gillibrand, and dis-
tinguished members of the committee, it is a high honor for me to
appear before you today.

I am the CEO of King-Devick technologies (KDt). We develop ob-
jective, physical, electronically transmittable tests of eyes and
brain function, which are validated in peer-reviewed medical jour-
nals, and that are able to be administered by laypersons.

Before beginning, I would like to recognize Tregg Duerson, who
is right there. Tregg is the son of NFL [National Football League]
two-time Super Bowl winner Dave Duerson of the Chicago Bears
and the New York Giants. Dave was a friend of mine. He was a
brilliant scholar-athlete who graduated with honors from Notre
Dame and later took his own life at 50 years old by shooting him-
self in the chest, so that his brain could be evaluated, because he
was fairly certain he had chronic traumatic encephalopathy (CTE).
He did, indeed, have an advanced case of CTE, although he was di-
agnosed with very few concussions in his career.

Tregg is a highly successful businessman now, and he is also a
former Notre Dame athlete. His dad was drafted by a Montreal
baseball franchise, too. Tregg has often said, if he played baseball,
he probably would still be alive today.

But anyway, he has dedicated his life to doing something about
CTE, which is a prevalent problem, called to attention again this
week when the NFL had an issue with a diagnosis on the sidelines.
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As far as our products are concerned, in a DOD- and NCAA-[Na-
tional Collegiate Athletic Association] funded study published in
November 2017 in a peer-reviewed journal, it was found that King-
Devick tests were shown to have the highest test-retest reliability
when compared with more than a dozen other concussion tests.
This article was authored by members of the CARE Consortium,
the NCAA, and the Department of Defense.

In May of 2017, King-Devick Technologies was one of a group of
participants ranging from Federal Government representatives,
private industry, prof